Selection of neighborhood controls is important for casecontrol studies of vector-borne disease because the risk for vector-borne diseases, such as Lyme disease, is intrinsically linked to geographical location. Risk for Lyme disease depends on epidemiologic, entomological, and environmental factors, which can all be linked to spatial location. For example, the characteristics of forested habitat that support black-legged tick vectors (Ixodes scapularis) and their hosts (i.e., primarily small mammals, white-tailed deer, and birds) (1-3), relative humidity (4) , and other environmental and peridomestic factors (5, 6) vary geographically. Furthermore, residential proximity to forest is also associated with Lyme disease risk (1, 3, 7, 8) . The matching of case-control pairs on neighborhood can help balance ecological risk factors that are tied to geographical location by minimizing variations in landscape and tick distributions that may occur between case and control properties (8, 9) .
Historically, random-digit dialing (RDD) has been a common method of telephone recruitment for control subjects in population-based studies and surveys. For studies that sought to enroll geographically similar participants, researchers assumed that telephone numbers with identical area codes and exchanges would reach households in the same area or neighborhood (10) (11) (12) . However, with the advent of local number portability arising from the Telecommunications Act of 1996 (13), this assumption is no longer valid. The Federal Communication Commission's local number portability rules allow customers to retain telephone numbers when they change service providers or provider type (landline, wireless, or voice over Internet protocol). Survey data show that more than 30% of US residents live in households with only wireless telephone service, and this proportion continues to rise (14) . Wireless telephones have no geographical tether, and many wireless providers offer nationwide coverage. As such, there is no way to precisely predict the household location of a wireless phone user on the basis of the area code and exchange of the telephone number.
Furthermore, RDD is a labor-intensive process. As many as 80% of telephone numbers created by RDD samples are not assigned to households (15) . Nonworking numbers, fax machines, and business lines are common unproductive outcomes of RDD calls (16) . In 1 study of breast cancer in the Atlanta, Georgia, metropolitan area, nearly 50% of RDD calls were placed to nonworking or nonresidential telephone numbers (17) .
Currently, there are many commercial databases available for marketing purposes. These databases also have utility for epidemiologic study recruitment (18) (19) (20) . However, it is unknown whether such databases are effective for recruiting control subjects who are geographically similar to cases. Accordingly, we assessed 1 such marketing database for control subject recruitment in a Lyme disease case-control study in Connecticut during [2005] [2006] [2007] .
MATERIALS AND METHODS
To find neighborhood controls for a case-control evaluation of the effectiveness of peridomestic Lyme disease prevention initiatives in Connecticut, we subscribed to an online consumer information database provided by InfoUSA. com (InfoGroup, Papillion, Nebraska). By using this service, we were able to search for residential telephone numbers (including entries on the national Do Not Call list (https ://www.donotcall.gov/)) by geographical location. Controls were matched to cases by neighborhood and age and enrolled by using methods described previously by Connally et al. (21) . Briefly, the InfoUSA.com database was used to generate spatially explicit lists of residential telephone numbers within incremental distances of case addresses. Study personnel entered the case addresses into the InfoUSA.com search engine and queried the database for residential telephone numbers within a radius of 0.2 miles (0.32 km). The search radius around each case address was increased in 0.2-mile increments until a minimum of 30 numbers was generated. The resulting phone list was randomized, and numbers were called until an eligible control subject was enrolled. Attempts were made to call during day and evening hours and on both weekdays and weekends. Nonresponders (no answer, busy signal, answering machine) were called again up to twice more.
Spatial analysis of study data was conducted by using ArcGIS software (Esri, Inc., Redlands, California) to determine the distance between matched case-control pair addresses and to compare the amount of tick habitat on participants' properties. Specifically, addresses of case and control subjects were geocoded as point locations and overlaid with the 2001 US Geological Survey's (1:24,000) National Land Cover Dataset with 30-meter pixel resolution (22) . A circular buffer with a radius of 300 feet (91.4 m) was created around each case and control point to approximate the peridomestic environment (Web Figure 1 available at http://aje.oxfordjournals.org/). The amount of tick habitat was calculated for each buffer polygon and compared between matched case and control pairs. Tick habitat was defined as land use and land cover areas that were classified as deciduous forest, coniferous forest, mixed forest, or forested wetlands. This classification of tick habitat was derived from studies investigating the relationship between vegetative land cover and Lyme disease incidence (5, 23) .
Statistical analyses were conducted by using SAS, version 9.2, software (SAS Institute, Inc., Cary, North Carolina). Wilcoxon's signed rank test was used to compare the amount of forest area found within buffers between matched case and control pairs. Spearman's ρ was used to measure the relationship between nearness of case-control properties and the difference in the amount of peridomestic tick habitat.
This study was approved by the institutional review boards at Yale University (New Haven, Connecticut) and the Connecticut Department of Public Health.
RESULTS
In all, 9,636 telephone numbers were called during the study period to enroll 353 controls, each matched to a case by age group and neighborhood. Of the 349 matched case-control pairs ultimately enrolled in the study, the addresses of 293 pairs (n = 586) (84%) were successfully geocoded by using ArcGIS. Case-control pairs were separated by a median distance of 0.24 miles (0.39 km; standard deviation, 1.44 km) with a range of 0.001-7.68 miles (12.4 km). Wilcoxon's signed rank test found no difference in the amount of potential tick habitat (area of forest or wetland) in the circular buffer area surrounding matched geocoded case and control address points (P = 0.98). Furthermore, there was a moderate positive correlation in the distance between case-control pair properties and the difference in the amount of peridomestic tick habitat (Spearman's ρ = 0.36; P < 0.0001).
DISCUSSION
The results of this analysis indicate that InfoUSA.com was a successful tool for neighborhood control enrollment. Comparable data from case-control studies of vector-borne disease could not be found. However, various population-based casecontrol studies illustrate what we might expect to find when using RDD for control enrollment. For example, <5% of the InfoUSA.com telephone numbers we called were nonworking. This rate is much lower than the RDD rates reported in other studies (11, 17, 24, 25) , which range from 9.3% to 29.6%. In addition, nonresidential numbers accounted for only 2% of the numbers called from the InfoUSA.com database. In contrast, the proportion of nonresidential numbers from RDD has ranged from 8.1% to 18% in other studies (11, 17, 24) . The performance of the InfoUSA.com database was comparable to that of other marketing databases for use in control enrollment (19, 20) . Although the proportion of nonresidential numbers reached by using InfoUSA.com was low, it was greater than expected because we searched only for residential numbers in InfoUSA.com. Overall, the use of the InfoUSA.com database likely resulted in fewer nonproductive calls than would RDD.
The time required by study personnel to enroll controls in the Lyme disease prevention case-control study was reasonable. The use of InfoUSA.com required calling a median of 20 numbers to enroll 1 control. The median time required to reach the person who ultimately completed the study interview was approximately 19 minutes. It is difficult to compare these measures with those of other studies that differ in enrollment eligibility criteria, length of study interview, and offered incentives. For example, in addition to neighborhood matching, this Lyme disease study also sought to enroll agematched control subjects. Certain age groups may be more difficult to enroll than others; for 1 particular case subject aged 12 years, it required 250 calls (310 minutes) to enroll an age-and neighborhood-matched control.
InfoUSA.com yielded a median distance of <0.4 km between each matched case and control property. A study of RDD for control finding in a childhood cancer study yielded a median distance of 3.2 km between matched case and control properties (10) . For studies in which subject location is crucial to determining disease risk, recruiting a neighborhood control from as close as possible to its matched case assumes that case-control pairs located in close proximity will share similar ecological risk factors. This analysis confirms that residential properties located close to one another are more likely to have similar amounts of tick habitat than are properties located farther apart. This is consistent with Tobler's Law, which states, "the first law of geography: everything is related to everything else, but near things are more related than distant things" (26, p. 236).
The cost of enrolling controls by using the InfoUSA.com commercial database is not insignificant. In 2005, a subscription to the online database cost $825 per year, with unlimited downloads. The price to use this service has increased in recent years. The overall cost to enroll 353 control subjects over the 3-year study period was $2,475, or $7.01 per enrolled control. This cost is in addition to the cost to support research staff required to facilitate telephone enrollment of study subjects.
Personnel costs associated with the use of InfoUSA.com can be estimated in comparison with what might have been experienced with RDD. The use of InfoUSA.com likely led to fewer nonproductive calls than would RDD. The experiences of other researchers indicate that the recruiters in this study may have had to place 4.5%-24.8% more calls because of nonworking numbers and 6.1%-16% more calls because of nonresidential numbers if using RDD in place of the InfoUSA.com database. The cost associated with paying research assistants longer hours (at a rate of $12.40/hour) to make these additional calls, assuming approximately 1 call per minute, would have been an additional $199.14-$836.40 (10%-42%). The annual subscription costs for unlimited downloads from InfoUSA.com was within this range ($825), which suggests that the use of InfoUSA.com might have paid for itself if study enrollment had been completed within 1 year. Instead, study enrollment lasted 3 years. Thus, we likely paid more for the InfoUSA.com subscription than we might have in personnel costs with RDD.
This study used InfoUSA.com not only to improve calling efficiency, but also to find neighborhood matched controls by using its spatial search capability. Though InfoUSA.com may have cost more than RDD, it likely yielded smaller distances between case-control pair properties. It is known that tick densities exhibit great variability in their distributions over even small distances (9) . Nonetheless, we believe that the close proximity between the case and control property of each matched pair will minimize this variability.
It should be noted that the InfoUSA.com commercial marketing database does not include unlisted numbers. This is a potential source of bias if cases were more likely than controls to have an unlisted number. However, retrospective analysis of study case subjects by using WhitePages.com (http://www.whitepages.com) indicated that the majority (83.4%) of case household telephone numbers were listed. Therefore, it is likely that any such bias would be minimal.
With increasing telephone number portability, the challenge of recruiting neighborhood control subjects for epidemiologic studies is likely to grow. For the purpose of enrolling neighborhood control subjects for a vector-borne disease prevention study, the use of a spatially explicit commercial marketing database like InfoUSA.com can be a useful alternative to RDD. Though the exclusion of unlisted numbers is a drawback of this method, limiting the entire sample to those with listed household telephone numbers is a simple way to avoid selection bias between cases and controls. In our experience, identifying neighborhood controls with InfoUSA.com was simple, convenient, and effective.
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